Introduction {#s1}
============

Trace amine-associated receptor 1 (TAAR1) is one of the most studied receptors of trace amines, a less well-characterized group of low-concentration amines derived from the metabolism of amino acids in the central and peripheral systems ([@CIT0044]; [@CIT0036]). TAAR1 is a G protein-coupled receptor expressed broadly throughout the brain ([@CIT0044]). In the rat, TAAR1 mRNA was found with the highest expression in the olfactory bulb, nucleus accumbens (NAc)/olfactory tubercle, cortical regions, substantia nigra, ventral tegmental area, cerebellum, and pons/medulla. Recently, TAAR1 has been demonstrated to be an important modulator of the dopaminergic, serotonergic, and glutamatergic activity ([@CIT0042]; [@CIT0023]; [@CIT0007]). Modulation of TAAR1 activity by TAAR1 partial or full agonist would affect several psychiatric diseases, for example, schizophrenia, depression, and anxiety, suggesting a promising novel paradigm for neuropsychiatric therapeutics ([@CIT0032], [@CIT0033]).

As a modulator of the dopaminergic system, TAAR1 has been shown to play a critical role in regulating the rewarding effects of drugs, especially the psychostimulant amphetamine ([@CIT0019]). Amphetamine shares a similar chemical structure with the endogenous trace amine β-phenylethylamine. It is demonstrated that amphetamine and several amphetamine derivatives can activate TAAR1 directly ([@CIT0005]). TAAR1 knockout mice showed higher sensitivity to amphetamine, d-amphetamine, and methamphetamine in the locomotor activity test ([@CIT0041]; [@CIT0019]; [@CIT0001]). Interestingly, TAAR1 can also modulate the effects of another psychostimulant, cocaine, which does not directly activate TAAR1. Our recent results and others' showed that TAAR1 partial agonists and full agonists decreased the abuse-related behaviors of cocaine in rats ([@CIT0018]; [@CIT0027]; [@CIT0039], [@CIT0040]; [@CIT0011]; [@CIT0028]). According to the previous results, it is suggested that TAAR1 agonists decrease the rewarding properties of cocaine. However, TAAR1 agonist RO5263397 had no effect on the induction but inhibited the expression of cocaine induced-conditioned place preference (CPP) ([@CIT0040]). As CPP is a conditioned Pavlovian memory model ([@CIT0035]; [@CIT0021]), TAAR1 may modulate the rewarding memory system to influence drug-related behaviors.

Persistent conditioned memories between the drug-paired cues and drug-induced effects play a critical role in drug addiction ([@CIT0034]; [@CIT0024]). It is suggested that the drug-associated learning hijacks the normal memory system in the brain to form a persistent reward memory. Drug memory has the same processes as the classic conditioned memory, that is, acquisition, consolidation, reconsolidation, extinction, and storage ([@CIT0029]; [@CIT0017]; [@CIT0003]). By reexposure to the drug-paired cues or context, consolidated drug memory can enter into two opposite processes: reconsolidation and extinction. During reconsolidation, memories are labile and can be updated or disrupted ([@CIT0026]). Extinction suppresses but does not erase the original memory ([@CIT0030]). In specific conditions, the original memory will reemerge after extinction, that is, reinstatement, renewal, and spontaneous recovery. Although previous studies showed that TAAR1 agonists inhibited cocaine-related behavior, it is unclear whether TAAR1 activation affects each reward memory process.

Here, we assessed the role of TAAR1 in cocaine reward memory by using the cocaine-induced CPP and cocaine self-administration models. We tested the effects of a TAAR1 full agonist RO5166017 on the expression, reconsolidation, and extinction of cocaine-induced CPP. Furthermore, we tested the effect of the TAAR 1 partial agonist RO5263397 combined with extinction on the subsequent reinstatement of cocaine-seeking behavior. It has been shown that TAAR 1 agonists with varying efficacy show similar antipsychotic-like properties and that both full and partial TAAR 1 agonists are effective in preventing cocaine-seeking behavior ([@CIT0033]; Thorn et al., 2014; [@CIT0028]). This study used 2 different TAAR 1 agonists to confirm the pharmacological generality.

Materials and Methods {#s2}
=====================

Subject {#s3}
-------

Adult male Sprague--Dawley rats (initial weight 250--280g; Harlan, Indianapolis, IN) were housed individually on a 12-hour-light/-dark cycle (behavioral experiments were conducted during the light period) with free access to water and food except during experimental sessions. For self-administration reinstatement studies, food access was restricted to 10g/d for 3 days before lever press training for food. Animals were maintained, and surgical and experimental procedures were approved by the Institutional Animal Care and Use Committee, University at Buffalo, the State University of New York, and with the 2011 Guide for the Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources on Life Sciences, National Research Council, National Academy of Sciences, Washington, DC).

Drugs {#s4}
-----

Drugs used in this study included cocaine hydrochloride (Research Technology Branch, National Institute of Drug Abuse, Rockville, MD), RO5166017, and RO5263397 (synthesized at Research Triangle Institute, purity \>98%). Cocaine hydrochloride was dissolved in 0.9% physiological saline. RO5166017 (10mg/mL/kg, i.p.) and RO5263397 (5.6mg/mL/kg, i.p.) were dissolved in a mixture of 1 part absolute ethanol, 1 part Emulphor-620 (Rhodia), and 18 parts physiologic saline.

Cocaine-Induced CPP {#s5}
-------------------

The experimental chambers for automated assessment of CPP consisted of 2 custom-made Perspex compartments of the same size (35cm × 28cm × 32cm) separated by a removable Perspex guillotine door. One compartment consisted of custom-made stainless-steel mesh floor and white-painted wall; the other compartment consisted of custom-made stainless grid rod floor and black-painted wall. Adjustable house lights (ENV221M, Med Associates, St Albans, VT) were mounted on the lids of both compartments. Locomotor activity was monitored by photocell detectors (ENV256, Med Associates). Data recording was controlled by Med-PC IV software (SOF700RA-25, Med Associates).

The procedure for cocaine-induced CPP was the same as our previous study ([@CIT0040]). Briefly, all rats were allowed free access to both compartments for 15minutes to verify the absence of preference for either side (pretest). Six rats in this study spending \>75% (\>675seconds) or \<25% (\< 225 seconds) of the total time in a compartment were eliminated from further testing. Group assignment was counterbalanced within each group according to the pretest results such that cocaine was paired with the more-preferred compartment for one-half of the rats and paired with the less-preferred compartment for the other one-half of the rats. Following the pretest phase, rats underwent place conditioning across 8 days, with alternating treatment-compartment pairings. For a conditioning session, saline (1mL/kg, i.p.) or cocaine (10mg/kg, i.p.) was administered, and the rat was confined to the paired compartment for 30minutes. One day later, rats were randomly placed into one compartment and had access to both compartments during the 15-minute test period (posttest), and the time spent in each compartment was recorded. In the study that examined the effect of RO5166017 on the expression of cocaine CPP, RO5166017 was administered once 10minutes before CPP test. The CPP score was defined as the time (in seconds) spent in the cocaine-paired compartment minus the time spent in the saline-paired compartment during the CPP test ([@CIT0010]; [@CIT0010]).

Reconsolidation of Cocaine-Induced CPP {#s6}
--------------------------------------

In the reconsolidation experiment, 1 day after posttest, rats were reexposed to the drug-paired side for 10 minutes to reactive cocaine reward memory. Rats were administered RO5166017 immediately after reexposure and then placed back in their home cages. CPP was tested 24 hours later (test 1). One day after test 1, the reexposure and RO5166017 treatment was repeated once. CPP was tested again 24 hours later (test 2). One day after test 2, the rats were administered one dosing of cocaine (10mg/kg) followed by a CPP test to examine the reinstatement of cocaine-induced CPP.

Extinction of Cocaine-Induced CPP {#s7}
---------------------------------

In the extinction experiment, rats were tested once daily after posttest for 6 days to extinguish cocaine-induced CPP. RO5166017 was administered 10 minutes before each test during extinction. One day after extinction, rats were tested for extinction long-term memory (LTM) without pretreatment of RO5166017.

I.V. Self-Administration Apparatus {#s8}
----------------------------------

Twelve standard operant chambers (Med Associates) were used for all cocaine self-administration studies. Each chamber was equipped with a house light that signaled the start of the session and was turned off during the timeout periods. On one wall of the chamber were 2 response levers and a food receptacle (5- × 5-cm opening) located 3cm above the chamber floor and midway between the levers. A pellet dispenser delivered 45-mg food pellets. Stimulus lights located above each lever illuminated the chamber during sessions. Infusion pumps were located outside of the sound-attenuating cubicles and delivered drug or vehicle via Tygon tubing through a swivel (Instech, Plymouth Meeting, PA). Stimulus presentations, food delivery, drug infusion, and data recording were controlled by Med-PC IV software and solid state interface equipment (Med Associates).

Food Training and Catheterization Surgery {#s9}
-----------------------------------------

The procedure for food training was the same as our previous study ([@CIT0040]). For cocaine self-administration reinstatement experiments, rats were first trained to lever press for food reward (45mg; BioServ, Frenchtown, NJ). During the daily 1-hour training sessions, rats could press the right lever (active lever) under a fixed ratio (FR) 1 schedule and earn up to 100 food pellets. The response requirement was gradually increased to FR 5 over a period of 7 days. Responses on the left lever (inactive lever) were recorded but had no programmed consequence. After the food training, rats were implanted with chronic indwelling jugular catheters and allowed 7 days to recover following surgery as previously described ([@CIT0040]). Catheters were flushed daily with 0.2mL solution of enrofloxacin (4mg/mL) mixed in a heparinized saline solution (50IU/mL in 0.9% sterile saline) to preserve catheter patency.

Cocaine Self-Administration {#s10}
---------------------------

One week after surgery, rats began to self-administer 0.75mg/kg/infusion cocaine. Rats self-administered cocaine for 14 sessions, during which responses to the active lever resulted in i.v. injections of cocaine under a FR 5 schedule of reinforcement followed by a 30-second time-out period. Infusions were accompanied by a 5-secibd illumination of the stimulus light above the active lever, and the house light was extinguished for the duration of the time-out period. Sessions were terminated after either a 2-hour duration or 40 infusions had been earned, whichever occurred first. Following cocaine self-administration sessions, rats then were given 7 daily extinction sessions, during which lever presses had no consequence (no drug or cues). RO5263397 was administered 10 minutes before each session of extinction daily. Cue- or drug (10mg/kg cocaine, i.p.)-induced reinstatement was tested 24hours after the last day of extinction session, during which active lever presses resulted in presentation of light cues in the same manner as during self-administration with no drug delivery.

Data Analysis {#s11}
-------------

All results are presented as mean±SEM. All data were analyzed by 1-way or 2-way repeated-measures ANOVA followed by Bonferroni's posthoc test to compare the differences among groups treated with vehicle and TAAR1 agonist. Student's *t* test was used to compare difference between the 2 groups. *P* \< .05 was considered statistically significant.

Results {#s12}
=======

RO5166017 Suppressed the Expression but Not the Retention of Cocaine-Induced CPP {#s13}
--------------------------------------------------------------------------------

We first examined the effect of the TAAR1 full agonist RO5166017 on the expression of cocaine reward memory. Rats were assigned to different groups according to the baseline test (pretest) and then trained for cocaine-induced CPP (n = 9--10/group). One day after conditioning, rats underwent the postconditioning CPP test (posttest), which was conducted without any pretreatment ([Figure 1A](#F1){ref-type="fig"}). The preference for drug side in posttest was increased in the cocaine-treated group compared with the saline-treated group (*F* ~2,25~ = 10.17, *P* \< .05) ([Figure 1B](#F1){ref-type="fig"}). One day after posttest, rats were administered RO5166017 or vehicle followed by CPP tests immediately and 24 hours later. Two-way repeated-measures ANOVA was conducted to analyze the effect of RO5166017 on the expression of cocaine reward memory, indicating an effect of group (*F* ~2,25~ = 2.97, *P* \< .05) and interaction of group × test (*F* ~2,25~ = 5.42, *P* \< .05) ([Figure 1C](#F1){ref-type="fig"}). Bonferroni's multiple comparisons test showed that RO5166017 inhibited the expression of cocaine-induced CPP when tested immediately but not 24 hours later.

![RO5166017 suppressed the expression but not the retention of cocaine-induced conditioned place preference (CPP). (A) Experiment design. (B) Rats acquired cocaine-induced CPP after training (both *P* \< .05). (C) Pretreatment of RO5166017 before test 1 inhibited cocaine-induced CPP (*P* \< .05). The inhibitory effect on CPP did not persist when tested again 1 day later. (D) No difference was found in the movement in test 1 (both *P \> .*05). Data are shown as mean ± SEM, n = 9--10/group. \**P* \< .05, compared with saline-vehicle group; ^\#^*P* \< .05 compared with cocaine-vehicle group.](ijnppy_pyw009_f0001){#F1}

Furthermore, RO5166017 did not affect the movement during the CPP test 1 (*F* ~2,25~ = 0.12, *P* \> .05) ([Figure 1D](#F1){ref-type="fig"}), indicating the inhibitory effect of RO5166017 on expression of cocaine-induced CPP was not caused by locomotion inhibition. Altogether, these results demonstrated that activation of TAAR1 suppressed the expression but not the retention of cocaine reward memory.

RO5166017 Had No Effect on the Reconsolidation of Cocaine-Induced CPP {#s14}
---------------------------------------------------------------------

After retrieval, memory could enter into the reconsolidation process, in which memory can be updated or disrupted ([@CIT0025]; [@CIT0015]; [@CIT0010]). Although pretreatment of RO5166017 before the CPP test inhibited the expression of cocaine-induced CPP, it is unclear whether RO5166017 prevents the reactivation of cocaine reward memory, which is critical for initiation of reconsolidation. We then tested whether treatment of RO5166017 after reactivation of cocaine reward memory would affect the reconsolidation of cocaine-induced CPP.

One day after conditioning, rats underwent the posttest, which was conducted without any pretreatment ([Figure 2A](#F2){ref-type="fig"}). Two groups of rats were trained cocaine-induced CPP (*F* ~1,17~ = 0.03, *P* \> .05; n = 9--10/group) ([Figure 2B](#F2){ref-type="fig"}). One day after posttest, rats were placed into the cocaine-paired side of the CPP chamber for 10 minutes to reactivate cocaine reward memory ([@CIT0017]; [@CIT0010]). Immediately after that, rats were treated with RO5166017 or vehicle and then placed back in their home cages. Cocaine-induced CPP was tested 24 hours later (test 1). Unpaired *t* test showed no difference (*t*~17~ =0.11, *P* \> .05). To confirm this effect, we repeated the reconsolidation procedure once. One day after test 1, rats were exposed to the cocaine-paired side again followed by RO5166107 treatment and underwent the CPP test 24 hours later. No difference was found during the test 2 (*t*~17~ = 0.45, *P* \> .05) ([Figure 2C](#F2){ref-type="fig"}). One day after test 2, rats were given an injection of cocaine (10mg/kg, i.p.) to test the reinstatement of cocaine-induced CPP. No difference was found between the 2 groups (*t*~17~ = 0.09, *P* \> .05) ([Figure 2D](#F2){ref-type="fig"}), suggesting that the cocaine reward memory was intact. RO5166017 did not affect the movement during all of the CPP tests (data not shown). Altogether, these results indicated that activation of TAAR1 did not affect the reconsolidation of cocaine reward memory.

![RO5166017 had no effect on the reconsolidation of cocaine-induced conditioned place preference (CPP). (A) Experiment design. (B) Rats acquired cocaine-induced CPP after training (both *P* \< .05). (C) RO5166017 after reexposure did not affect following CPP test 1 day later (both *P* \> .05), suggested that RO5166017 had no effect on the reconsolidation of cocaine-induced CPP. (D) No difference was found in the movement in reinstatement test (*P* \> .05). Data are shown as mean ± SEM, n = 9--10/group. \**P* \< .05, compared with pretest.](ijnppy_pyw009_f0002){#F2}

Pretreatment of RO5166017 Prevented the Formation of Cocaine Extinction LTM {#s15}
---------------------------------------------------------------------------

Repeated exposure to conditioned stimulus leads to extinction. To test the effect of TAAR1 activation on cocaine reward memory extinction, 2 groups of rats were trained cocaine-induced CPP, and one saline group was set as control. One day after conditioning, rats underwent the posttest, which was conducted without any pretreatment ([Figure 3A](#F3){ref-type="fig"}). Rats trained with cocaine showed significant preference for the drug-paired side in posttest (*F*~2,32~ = 5.37, *P* \< .05; n = 11--12/group) ([Figure 3B](#F3){ref-type="fig"}). Rats were then tested CPP for 6 continuous days. RO5166017 was administered 10 minutes before each test. Two-way repeated-measures ANOVA with group (saline-vehicle, cocaine-vehicle, and cocaine-RO5166017) as between subjects and test (first trial and last trial of extinction) as within subjects was conducted to analyze the effect of RO5166017 on extinction, showing an effect of group (*F*~2,32~ = 3.83, *P* \< .05) and test (*F*~2,32~ = 4.64, *P* \< .05) and a strong trend of interaction of group × test (*F*~2,32~ = 2.89, *P* = .07). Bonferroni's multiple comparisons test showed that RO5166017 inhibited the expression of cocaine-induced CPP in the first trial of extinction (*t*~32~ = 2.65, *P* \< .05) ([Figure 3C](#F3){ref-type="fig"}). RO5166017 did not affect the movement during all of the CPP tests (data not shown). Rats were then tested for extinction LTM 1 day later. One-way ANOVA showed a significant effect (*F*~2,32~ = 4.00, *P* \< .05). Posthoc analysis showed that rats treated with RO5166017 but not vehicle showed a robust preference for the cocaine-paired side compared with the control group (*t*~32~ = 2.60, *P* \< .05) ([Figure 3D](#F3){ref-type="fig"}), indicating that RO5166017 disrupted the formation of extinction LTM.

![Pretreatment of RO5166017 prevented the formation of cocaine extinction long-term memory (LTM). (A) Experiment design. (B) Rats acquired cocaine-induced conditioned place preference (CPP) after training (both *P* \< .05). (C) RO5166017 inhibited expression of CPP during first extinction (*P* \< .05). No difference was found in the last extinction (both *P* \> .05). (D) Pretreatment of RO5166017 before extinction prevented the formation of extinction LTM (*P* \< .05). Data are shown as mean ± SEM, n = 11--12/group. \**P* \< .05, compared with saline-vehicle group; ^\#^ *P* \< .05 compared with cocaine-vehicle group.](ijnppy_pyw009_f0003){#F3}

TAAR1 Partial Agonist RO5263397 Combined with Extinction Did Not Affect the Subsequent Reinstatement of Cocaine-Seeking Behavior {#s16}
--------------------------------------------------------------------------------------------------------------------------------

We tested whether activation of TAAR1 before extinction would affect the extinction LTM in rat cocaine self-administration model. Two groups of rats were trained to self-administer cocaine, with a group of rats self-administering saline as control (n = 8--10/group). Rats trained with cocaine showed higher infusions compared with the saline group on the last day of training (*F*~2,24~ = 2.96, *P* \< .05) ([Figure 4A](#F4){ref-type="fig"}). One day after training, rats were administered RO5263397 followed by 2-hour extinction test daily for 10 days. Two-way repeated-measures ANOVA with group (saline-vehicle, cocaine-vehicle, and cocaine-RO5263397) as between-subjects factor and test (10 days of extinction) as within-subjects factor was conducted to analyze the effect of RO5263397 on extinction. The analyses showed significant main effects of group (*F*~2,24~ = 10.22, *P* \< .05), test (*F*~9,216~ = 40.79, *P \<* .05), and interaction of group × test (*F*~18,216~ = 9.85, *P \<* .05). Bonferroni's multiple comparisons test showed that RO5263397 decreased the active responses on days 1, 2, and 4 during extinction (all *P \<* .05) ([Figure 4B](#F4){ref-type="fig"}). One day after the last day of extinction, rats underwent a cue-induced reinstatement test. One-way ANOVA showed a significant effect (*F*~2,24~ = 6.94, *P \<* .05). No difference was found between groups of cocaine-vehicle and cocaine-RO5263397 (*P* \> .05) ([Figure 4C](#F4){ref-type="fig"}). One day later, rats were administered a dose of cocaine (10mg/kg, i.p.) to test drug-induced reinstatement. One-way ANOVA showed a significant effect (*F*~2,24~ = 20.24, *P \<* .05). No difference was found between the 2 groups of cocaine-vehicle and cocaine-RO5263397. Altogether, these results indicated that activation of TAAR1 combined with extinction had no effect on subsequent reinstatement of cocaine-seeking behavior.

![Trace amine-associated receptor 1 (TAAR1) partial agonist RO5263397 combined with extinction did not affect the subsequent reinstatement of cocaine-seeking behavior. (A) Two groups of rats that were trained to self-administer cocaine showed no difference in cocaine taking on the last day (*P* \> .05). (B) RO5263397 decreased the active responses during extinction (*P* \< .05). (C) Discrete cue reinstated extinguished active responses in both cocaine self-administrated groups of rats (both *P* \< .05). No difference was found between cocaine-vehicle and cocaine-RO5263397 groups (*P* \> .05). (D) Active responses were reinstated after cocaine priming (both *P* \< .05). No difference was found between cocaine-vehicle and cocaine-RO5263397 groups (*P* \> .05). Data are shown as mean ± SEM, n = 9--10/group. \**P* \< .05, compared with saline-vehicle group; ^\#^ *P* \< .05 compared with cocaine-RO5263397 group.](ijnppy_pyw009_f0004){#F4}

Discussion {#s17}
==========

TAAR1 Activation Inhibits Cocaine Reward Memory {#s18}
-----------------------------------------------

Preventing drug relapse by inhibition or disruption of drug related memories showed a promising strategy to treat drug addiction ([@CIT0012]; [@CIT0024]; [@CIT0038]). Two kinds of drug memory models were used in the present study: a Pavlovian conditioned memory model (cocaine-induced CPP) and an instrumental memory model (cocaine self-administration). In the cocaine-induced CPP model, appetitive context is associated with drug reward effect, which will elicit a conditioned response after conditioning. The conditioned response is strongly dependent on the strength of the LTM of the association between appetitive context and drug effect ([@CIT0009]). Cocaine self-administration is also dependent on reinforcement learning, whereas an operant behavior is involved in this process, which makes it completely different from the CPP behavior ([@CIT0002]; [@CIT0035]). The present study showed that TAAR 1 agonists inhibited expression of both kinds of memory, suggesting that the effect of TAAR 1 agonists on cocaine reward memory were independent of memory types.

Consistent with our previous results that the TAAR1 partial agonist RO5263397 inhibited the expression of cocaine-induced CPP ([@CIT0040]), the present data showed that the TAAR1 full agonist RO5166017 given before test also decreased cocaine-induced CPP, suggesting that the activation of TAAR1 inhibited the retrieval of cocaine reward memory. However, activation of TAAR1 did not erase the drug reward memory, even when combined with reconsolidation and extinction procedure. The failure of TAAR 1 agonist on reconsolidation was not due to the posttest conducted following CPP training, because previous studies have shown that one posttest does not prevent subsequent reexposure-induced reconsolidation in cocaine-induced CPP ([@CIT0017]; [@CIT0010]). Our previous result indicated that RO5263397 did not affect the development of cocaine-induced CPP ([@CIT0039]), which suggested that TAAR1 is not involved in the acquisition or consolidation of cocaine-induced CPP. To enter into the reconsolidation process, drug memory has to be reactivated. Reexposure to drug-paired context is a process to reactivate memory. However, the present data cannot identify whether pretreatment of RO5263397 prevented the reactivation of drug memory, since memory reactivation could be independent of memory expression ([@CIT0004]). The results that pretreatment of RO5263397 before each trial of extinction inhibited cocaine-induced CPP confirmed the inhibitory role of TAAR1 activation on the expression of cocaine reward memory. Furthermore, RO5166017 prevented the formation of extinction LTM, suggesting that activation of TAAR1 could hamper extinction learning. Nevertheless, recently it is suggested that extinction learning might not be a consequence of retrieval ([@CIT0006]). It is also possible that pretreatment of RO5166017 before extinction did not prevent extinction learning but disrupted the consolidation of extinction, which requires further studies to identify the role of TAAR1 in extinction memory. Taken together, these data indicated that the unique effect of activation of TAAR1 in all memory stages of cocaine-induced CPP is to inhibit the retrieval of cocaine reward memory.

Although erasure of drug memory would be better than inhibition of drug memory to prevent relapse, there is no effective agent to selectively erase specific memory nowadays. The continued inhibition on cocaine reward memory by RO5166017 and RO5263397 when being administered before extinction each day suggested a consistent inhibitory effect of TAAR 1 agonists on drug-seeking behavior. These data suggested that TAAR1 agonist could be a promising candidate to prevent cocaine relapse. However, the major problem in overcoming cocaine relapse after long-term abstinence is craving, and no detailed date showed the effect of TAAR1 agonist on drug craving.

TAAR1 in Drug Memory Model: Drug Reward Properties or Drug Memory {#s19}
-----------------------------------------------------------------

TAAR1 is suggested to be a modulator of dopaminergic system ([@CIT0042]). It has been demonstrated that the firing rate of dopaminergic neurons in the ventral tegmental area was higher in the TAAR1 knockout mice compared with wild-type mice. The endogenous TAAR1 agonist p-tyramine decreased the spike frequency of ventral tegmental area dopaminergic neurons in wild-type mice ([@CIT0019]). RO5166017 also decreased the firing of DA neurons in a manner similar to *p*-tyramine ([@CIT0031]). Other studies found that extracellular dopamine was increased in the NAc of TAAR1 knockout mice. Furthermore, RO5166017 reduced the electrically evoked dopamine overflow in the NAc ([@CIT0016]). It is suggested that TAAR1 activation decreased the drug reward properties of cocaine. Consistent with this, our previous results showed that the TAAR1 agonist RO5263397 increased the elasticity of cocaine demand curve ([@CIT0040]). TAAR1 full agonist and partial agonist both decreased the reinforcing efficacy of cocaine and prevented cocaine-induced changes in brain reward thresholds ([@CIT0028]).

Our previous study showed that the TAAR1 partial agonist RO5263397 prevented both the development and expression of cocaine-induced behavioral sensitization ([@CIT0039]). However, in the cocaine-induced CPP model, activation of TAAR1 only inhibited the expression but not the development of cocaine-induced CPP ([@CIT0040]), suggesting that the effect of RO5166017 on cocaine-induced CPP could not be attributed to the inhibition of reward properties of cocaine. Moreover, RO5263397 decreased the challenge dose of cocaine-induced hyperactivity only after the rats were sensitized to, but not acutely exposed to, cocaine ([@CIT0040]). TAAR1 knockout mice showed facilitated methamphetamine-induced CPP, but the same level of methamphetamine-induced reinstatement of CPP was observed, suggesting that the effects of TAAR1 in drug-related behaviors are behavior dependent ([@CIT0001]). Consistent with this, although TAAR1 agonists reduce the maintenance of cocaine self-administration ([@CIT0028]; D. A. Thorn, J. Li, unpublished observation), the combination of a TAAR1 agonist with extinction had no effect on the following cue- and drug-induced reinstatement. These results suggested that activation of TAAR1 could not, at least completely, prevent the rewarding effects of cocaine under specific conditions.

The role of TAAR1 in cognition and memory has not been clearly investigated. In the object retrieval paradigm test in monkeys, a TAAR1 full agonist RO5256390 and partial agonist RO5263397 and RO5203648 improved accuracy in the difficult trials, indicating cognition-enhancing properties of these compounds ([@CIT0032], [@CIT0033]). In the attentional set-shifting task in rats, RO5256390 reversed the NMDA receptor blocker PCP-induced deficit in extradimensional attentional set-shifting performance ([@CIT0033]). These data suggested that TAAR1 activation could improve executive function, which is mainly controlled by the prefrontal cortex. Besides the role of modulating dopaminergic system, TAAR1 has been demonstrated playing an important role in regulating glutamatergic system. RO5166017 reversed a glycin site NMDA receptor antagonist L-687, 414-induced hyperlocomotion ([@CIT0031]). TAAR1 knockout mice showed a perseverative and impulsive phenotype, which was associated with the dysregulated glutamate transmission in the PFC ([@CIT0007]). As the PFC is a critical brain area for self-control in addiction ([@CIT0008]; [@CIT0037]), RO5166017 could also improve the executive function of PFC to reduce the motivation to cocaine-related context cue and inhibited the expression of cocaine-induced CPP.

The Effects of TAAR1 Activation on Other Drugs {#s20}
----------------------------------------------

The role of TAAR1 in specific stages of other drug memories, for example, consolidation, expression, reconsolidation, extinction, and storage, is still unknown. TAAR1 knockout mice showed normal morphine-induced CPP compared with wild-type mice ([@CIT0001]). Although cocaine and morphine are different addictive drugs, they share some common molecular mechanisms. The different roles of TAAR1 in cocaine and morphine would provide us with different mechanisms underlying these 2 kinds of drugs of abuse. As severe withdrawal signs developed after morphine dependence but not cocaine abstinence, we presume that TAAR1 might pay little role in the "dark side" of drug addiction ([@CIT0013]; Koob and Mason, 2015). Most studies on TAAR1 in drug addiction are psycho-stimulants, especially amphetamines and cocaine, therefore it is important to test the role of TAAR1 in other drugs of abuse, especially depressants, for example, alcohol ([@CIT0004]). To demonstrate the distinct roles of TAAR1 in different kinds of addictive drugs would help us to understand both the function of TAAR1 in addiction and drug addiction itself.

Conclusion {#s21}
==========

Taken together, our results revealed that 2 TAAR1 agonists RO5166017 and RO5263397 inhibited the expression of cocaine memory. Repeated administration of RO5166017 showed a continually inhibitory effect on the expression of cocaine reward memory. However, RO5166017 had no effect on reconsolidation, extinction, or storage of cocaine reward memory, suggesting that TAAR1 activation did not interfere with all stages of cocaine reward memory. These data suggested that TAAR1 agonist could be a promising agent to prevent cocaine relapse.
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